Methods
First-principles calculations were performed using an accurate frozen-core projector augmented plane-wave (PAW) method within the framework of spin-polarized density function theory (DFT), as implemented in the VASP packages. [1] [2] [3] The exchange-correlation interaction was described by the spin-polarized generalized gradient approximation (GGA) using Perdew-Burke-Ernzerhof functional. 4 To evaluate the orbital moment and MAE, the spin-orbit coupling together with the magnetic non-collinearity described by Hafner and co-workers was included into the calculations. [5] [6] 2D metalloporphyrin frameworks were placed in a slab model with a vacuum (along Z direction) thickness of 15 Å sufficient to avoid the interlayer interactions. An energy cutoff of 450 eV was implemented to describe the electron wave function. Monkhorst-Pack k-points meshes with density of less than 20.0125 Å 1 along the periodic X and Y directions were used for Brillouin-zone (BZ) integration. Geometry relaxation was done without any symmetry constraint until the force on each atom was less than 0.02 eV/Å and the total energy converged to 1×10 -5 eV. AIMD simulation was performed with a time step of 1 fs. Starting from the optimized structure, MD simulation within NVT ensemble was implemented for 10 ps to evaluate the thermal stability.
The MAE was calculated by means of self-consistent calculation with higher accuracy using the optimized structures. The MAE is defined as
Here E tot [ || ] and E tot [⊥] refer to the total energies with the magnetization direction parallel and perpendicular to the XY basal plane, respectively. For E tot [ || ] , the magnetization directions along the X(Y)
axis and angular bisector of X and Y axes were both taken into account. The corresponding energies are denoted as E X (E Y ) and E XY , respectively.
It is known that conventional DFT calculations usually fail to properly describe the strong correlations of the localized d orbitals, which may affect the description of SOC interactions and the calculated MAE values. 7 The deficiency for the self-interaction in DFT can be corrected by including a Hubbard U term. 8 We tested the MAE values with regard to the effective U values for W and Re contained systems and the results are given in Table S3 and S4. Our results show that the MAEs retain positive and large values ( 25.7 meV) after inclusion of the U term, and sometimes they can even be enhanced by the U term. Here, black and red lines represent spin majority and minority states, respectively. supercell. In each loop, the spin on one randomly selected magnetic site flips randomly.
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is defined as E ad  E(TM) + E(Sub) − E(Tot). E(Tot), E(TM) and E(Sub
